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Thermolysis of benzaldehyde dibenzyl acetal 1 by refluxing at 250°C for 3 days give HP, toluene,
benzaldehyde, benzyl alcohol, bibenzyl, stilbene and benzylphenylcarbinol. Similar treatment of
cinnamaldehyde diphenyl thio-acetal 2 furnishes H2S, bibenzyl, toluene, stilbene, thiophenol, diphenyl
sulfide, indene, thianthrene, 2,3,4,5-tetraphenylthiophene and polystyrene. Moreover thermolysis of 1 in
the presence of isoquinoline gives I-benzylisoquinoline in addition to the previous products. From these
results a free radical mechanism has been postulated to take place through the initial homolysis of
different bonds in the acetal molecules.
Aromatic acetals have been reported to undergo
thermal rearrangement under the influence of
Th02l and Pt/C2 catalysis. However, in the presence
of acid-catalysis the corresponding esters, ethers
and aldehydes' were obtained. Also, pyrolysis of
acetaldehyde dimethyl acetal was reported" to give
ethylene, toluene and cyclohexene. Moreover, it
was recently reported" that pyrolysis of a-
acetylcinnamate acetal in the presence of 1-
methylnaphthalene gave methyl 6-methyl-2-
naphthoate in a quite good yield. Furthermore,
earlier workers did not study this reaction on a
quantitative basis and shed light on the mechanism
of aromatic acetals thermolysis. This fact
prompted us to reinvestigate the thermolysis of
aromatic acetal derivatives to gain further insight
into the mechanism.
The present work deals with the behaviour of
benzaldehyde dibenzyl acetal 1 and
cinnamaldehyde thioacetal 2 on thermolysis in the
absence of any promoter either alone or in
aromatic solvents.
Benzaldehyde dibenzyl acetal 1 when heated
under reflux at 250°C for 3 days to obtain
appreciable change as monitored by TLC,
underwent thermolysis to give water, toluene,
benzaldehyde, benzyl alcohol, bibenzyl, stilbene
and benzylphenylcarbinol (c.f. Scheme 1). The
general feature of the thermolysis appears to be an
intramolecular process that involves the
preliminary homolysis of the ether linkage forming
benzyloxy and dibenzyl ether radicals (i). The
former may dispropor- ationate affording benzyl
alcohol and benzaldehyde whereas, the latter
undergo disproportionation" to the relatively stable
benzyl radicals and benzaldehyde where dispro-
portionation of alkoxy radicals is considerably
more exothermic than H-abstraction, consequently,
disproportionation is expected to have a low
activation energy'.
The benzyl radicals are the precursor of
bibenzyl, stilbene, toluene and benzaldehyde
through processes involving dimerization,
hydrogen abstraction and atmospheric oxidation
respectively':". Furthermore, dibenzyl ether radical
(i) can give benzylphenylcarbinol through
processes of coupling with benzyl radical followed
by fragmentation. Benzylphenylcarbinol may be
assumed to be the precursor of stilbene, since
heating the carbinol leads to the elimination of
water with the formation of stilbene in a relatively
high yield 10.
A concrete evidence for the implication of free
radical mechanisn is obtained when pyrolysis of
benzaldehyde dibenzyl acetal 1 was carried out in
presence of isoquinoline as a radical scavenger
where the same products were obtained in addition
to a small amount of l-benzylisoquinoline" (c.f.
Scheme I).
The thermal rearrangement of cinnamaldehyde
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diphenyl thioacetal 2 takes place after selective - pairs. The former was discussed as mentioned
fission of the C-S bond. The formation of H2S, previously as shown in route (a) whereas, the latter
diphenyl sulfide and thiophenol may be explained under.go radical oxidative cyclization to indene",
through dimerization of thiophenoxy radicals Another competing pathway is the C-C bond
forming diphenyldisulfide which ultimately homolysis to give styryl radical and radical (iii).
decomposes into hydrogen sulfide and diphenyl The styryl; radical may, undergo polymerization
sulfide", or may abstract hydrogen to give forming polystyrene whereas, the radical (iii) may
thiophenol. The formation of thianthrene is undergo rearrangement through 1,2-phenyl shift to
expected on the basis of the disproportionation of thiobenzyl radical via a 3-centered bridged radical
the thiophenoxy radicels", intermediate (iV)IS. The thiobenzyl radical is
Another pathway also include C-S bond considered to be the precursor for toluene,
homolysis to give radical (ii) which may abstract bibenzyl and stilbene as previously reported".
hydrogen from a suitable source to form cinnamyl A possible pathway for the formation of 2,3,4,5-
phenyl sulfide 3 that ultimately decomposes on tetraphenylthiophene is the interaction of stilbene
further heating as shown experimentally (cf. with sulfur readily available in the reaction
Experimental Section) gives rise to H2S, toluene, medium as reported earlier!' (cf. Scheme II).
thiophenol, bibenzyl, stilbene, indene, 2,3,4,5-
tetraphenylthiophenc and polystyrene (Scheme II).
The formation of these products can be suggested
to take place through the homolysis of C-S bond
(route b) into thiophenoxy and cinnamyl radical
Experimental Section
All melting points were measured on a
Gallenkamp apparatus and are uncorrected. The IR
spectroscopic analyses were carried out on a Pye-





Unicam IR spectrophotometer, Model SP 3-100.
Column chromatographic separations were carried
O\1t using 1OOx1 ern glass columns packed with
neutral alumina using gradient elution technique.
TLC was performed using 10x3 cm glass plates
coated with silica gel (60-80 mesh) eluting with
acetone-pet. ether (60-80°C) (1:4 v/v). UV
absorptions were carried out on Shimadzu UV
spectrophotometer, Model 200 S using 95%
ethanol as solvent. GLC was carried out on a
Perkin-Elmer, Model Sigma 3B apparatus, using
1200x4 mm column packed with SE 30 over
Chromosorb, using nitrogen as a carrier gas. 'H
NMR spectra for some reaction products were
obtained using EM-390-90 MHz NMR spectro-
photometer.
Starting Materials
Benzaldehyde dibenzyl acetal 1'8, colourless oil,
b.p. 178-82°C/l0 Torr; cinnamaldehyde diphenyl
thioacetal 2'9, crystallized from ligroin, m.p.80-
82°C; and cinnamyl phenyl sulfide 320, crystallized
from ethanol, m.p. 78-80°C.
Thermal Rearrangement of Acetal and
Thioacetal Derivatives 1 and 2: General
Procedure. The appropriate acetal derivatives 1
and 2 (lOg) was refluxed on an oil bath (bath
temperature at 200-250°C) either alone or in 5 mL
of isoquinoline as a radical scavenger. The gases
evolved were detected by chemical means (H2S by
lead acetate). The products were separated into
neutral, acidic and basic components as described
in a previous work". The pyrolysate was separated
into its constituents firstly by distillation under
normal pressure up to 180°C whereby H20,
toluene and benzaldehyde were collected followed
by fractional distillation under reduced pressure
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Table 1-Thermolysis products of acetal and thioacetal
derivatives 1 & 2 in g (%)
Thermolysis products" 1 2
Toluene" 1.2 (12) 0.8 (8)
Benzaldehyde" 3.2 (32)






























*HzS was detected by chemical mean.*HzO as a Ua""
amount. 'thennolysis of benzaldehyde dibenzylacetal 1 in
isoquinoline. "ccllected at 105-6°C, its GLC revealed a single
peak at 1.0 min, comparable with an authentic sample using
(8x I18 ern) SE 30 column at 90°e. <collected at 75-80°C and
its GLC showed a peak at 2.8 min at 90°C; 2,4-
dinitrophenylhydrazine, m.p. and mm.p. 236°e. "collecred at
65-70°CII 0 Torr and its GLC revealed a single peak at 3.0
min at 95°C; 3,5-dinitrobenzoate, m.p. and mm.p. 113°e.
'collected at 165-70°C and identified as benzyl phenyl sulfide,
m.p. 41°C, which upon oxidation with CrO/acetic acid gave
benzyl phenyl sulfone, m.p. and mm.p. 148°C. fb.p.150-
5°CII 0 Torr, identified as diphenyl sulfone by its oxidation
using HzOz-acetic acid, m.p. and mm.p.l Zd=C. gcollected from
column chromatography using pet. ether (40-60°C)-pet.ether
(60-80°C) (1:2 v/v) mixtures as eluent, m.p. and mm.p. 52°C,
its GLC on a column (8x 1/8 em) packed with SE30 over
Chromosorb at 140°C showed a peak at 3.3 min; identified to
that of an authentic sample. "eluted with pet. ether (60-80°C),
m.p. and mm.p. \25°C, as compared with an authentic sample.
'b.p. 183°C; UV and IR absorption spectra are COincident with
that of an authentic sample. ieluted with pet.ether (60-80°C)-
benzene (5: I v/v) mixtures, m.p. and mm.p. 158~C. kb.p.164-
68°CII 0 Torr, m.p. and mm.p.66°C; phenyl urethane derivative
m.p. 94°e. 'eluted from column chromatography with pet.
ether (60-80°C)-benzene (I: 1 VIV) mixtures; m.p. and
mm.p.158°C (found, C, 82.05; H, 5.22; S, 8.71. Calcd. for
C2sH20S: C, 81.44; H, 5.15; S, 8.26 %). "b.p. 170-7°CI 4 Torr;
was eluted with successive portions of pet. ether (60-80°C)-
benzene (\: I v/v) mixtures; m. p. and mm. p. 51°C and its
picrate m.p. and mm.p. 180°e. "identified by UV and IR
absorption spectra as compared with authentic sample.
when benzyl alcohol, indene, thiophenol and
diphenyl sulfide were obtained. The remaining
residue was separated by column chromatography
over alumina using gradient elution technique" as
discussed in the footnote of Table I.
Thermolysis of cinnamyl phenyl sulfide 3.
Cinnamyl phenyl sulfide (5 g) was heated under
reflux at 200°C for 15 hrs. The pyrolysate was
separated as mentioned previously. Finally, a
brownish viscous material was collected from
column chromatography and eluted with methanol.
Crystallization of this material was not possible
after several trials with most of the common
solvents and was identified as polystyrene by IR
spectroscopy. Identification of the products was
confirmed using authentic samples, elemental
analyses, TLC, GLC, UV and IH-NMR (Table I).
Preparation of Reference Compounds.
Bibenzyl", crystallized from ethanol/Hjf), m.p.
52°C; trans-stilbene24, crystallized from ethanol,
m. p. 124°C; Benzylphenylcarbinol", crystallized
from ethanol, m.p. 66°C; Thianthrene",
crystallized from benzene, m.p. 158°C; Diphenyl
sulfide", oily, b.p. 115°Cl3· Torr; 2,3,4,5-
Tetraphenylthiophene'", crystallized from benzene-
pet.ether (60-80°C) mixture, m.p. 187°C; and 1-
benzylisoquinoline", crystallized from
chloroform-pet.ether (40-60°C) mixture, m.p.
65°C.
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